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Intraspecific sequence variation was detected by polymerase chain reaction (PCR) and direct
sequencing of a 350-nucleotide region of the mitochondrial 12S rRNA gene of two natural
populations (Han River and Nakdong River) and one hatchery stock (Jinhae Inland Fisheries
Institute) of local strain common carp, one Israeli strain of common carp stock from Pukyong
National University (PKU), and one hybrid between Israeli strain of common carp female
and local strain common carp male from PKU stock. There is little variation in 350 bases
of the mitochondrial 12S rRNA gene sequences among 2 natural and 1 hatchery local strain
common carp populations, representing about 7 to 20 nucleotide differences (less than 6%).
The sequence of specimens from Han River was more similar to that from Nakdong River
(identity=98.0% ) than to that from Jinhae Inland Fisheries Institute (identity=96.3% ). Sequence
variation between Israeli strain and wild local strain common carp was higher than the variation
within natural stocks. The level of variation was ranged from 15.7 to 17.7%. The hybrid showed
very similar nucleotide sequence of 12S rRNA gene to the sequence of Israeli strain with
the identity of 98.9%.
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Introduction stock of fish is imperative for effective fishery
management (Funkenstein et al., 1990). The
The ability to identify genetically discrete genetic delineation of such stock could solve
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current major problems of carp in Korea,
which include a general decline in the produ-
ctivity of cultured carp during the last decade.
The major reason for decreased productivity
of carp culture is being thought to be due
to the accumulation of recessive trait, and
the indiscreet cross breeding.

To investigate the genetic basis of stock
or population structure of the exploited fish
species, the genetic characters demonstrating
sufficient variation to permit discrimination
of intraspecific groups or stocks should be
studied (Hynes et al., 1989). The discrimina-
tion of intraspecific groups or stocks has
come from comparative studies of morpholo-
gical characters. However, it is well documen-
ted that such characters are environmentally
labile. Protein electrophoresis has a limited
ability to resolve only a fraction of existing
amino acid substitutions and detect the varia-
tions in only the part of genome coding for
soluble enzymes. Restriction analysis of mito-
chondrial DNA has been widely used in order
to study variation in other parts of the ge-
nome including non structural genes for elu-
cidating the genetic relatedness existing wi-
thin and between populations of many fish
species. This technique has already provided
much useful information on population stru-
cture and hybridization events (Hynes et al.,
1989).

However, the maximum information can
be obtained by looking directly at the order
of nucleotides in the DNA chain (McVeigh
et al,, 1991). The unique properties of nuc-
leotide sequence polymorphism of mitochon-
drial DNA (mtDNA) can provide the most
useful information to understand the genetic
structures of populations as well as glimpses
into the recent evolutionary history of fish
population, which may be helpful for the
efficient management of breeding program
(McVeigh et al., 1991 ; Ovenden et al., 1993).
A recent advance in biotechnology, the poly-
merase chain reaction (PCR) and automated
sequencing has also made it possible to exa-
mine the sequence polymorphism of a DNA
sections routinely (Kocher et al., 1989).

The objective of this study is to provide the

genetic basis information of several local and
Israeli common carp stocks for genetic stock
identification and selective breeding programs.
We surveyed intraspecific DNA sequence va-
riation in the mitochondrial 12S rRNA gene
of the carp populations by polymerase chain
reaction/direct sequence analysis.

Materials and methods

Sample collection

Fish specimens of local strain common
carp (Cyprinus carpio) were sampled from
Han River and Nakdong River as wild stocks
and from Jinhae Inland Fisheries Institute
as a cultured stock. Fish samples of Israeli
strain of common carp and intraspecific hyb-
rid between Israeli strain (%) and local strain
common carp (%) also collected from Cul-
ture Station of Pukyong National University.
About 20 individuals from each of the popu-
lations were collected and analysed.

DNA extraction

Total cellular DNA were isolated from ei-
ther of 2 ul of whole blood, 1 mm of babel
or a scale. The tissue sample was digested
by conventional SDS/proteinase K method.
Briefly, DNA sample in a solution of 50 mM
Tris, 5 mM ethylendiaminetetracyclicacetic
acid, sodium salt (EDTA-Na), pH 8.0, 150
mM NaCl, 0.5% sodium dodecyl sulfate
(SDS), 200 ug/m{ proteinase K were incuba-
ted at 50C for several hours to overnight
until the sample was digested. DNA samples
were extracted once with TE-saturated phenol
(pH 8.0), and twice with phenol/chloro-
form/isoamyl alcohol (25 :24: 1), and then
precipitated with equal volume of isopropa-
nol. DNA pellet was washed once with 70%
ethanol and dissolved in 1x TE (10 mM
Tris, 1 mM EDTA-Na, pH 8.0).

Amplification of mitochondrial 128 rRNA fra-
gment by PCR

Approximately 0.2 pg of boiled genomic
DNA was used in a PCR reaction. PCR reac-
tion mixture contained 20 mM Tris (pH 8.3),
1.5 mM MgCl,, 25 mM KCl, 100 pg/m¢ gela-
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tin, 20 pmoles of each PCR primer, 50 yM
of each dNTPs, and 2.5 U Taq DNA polyme-
rase (Perkin Elmer Co.). The temperature
sequence for amplifying the 12S rRNA gene
was according to Whitmore et al. (1992) with
slight modification. The reaction was carried
out at the following procedure ; 94C for 1
min., 50C for 1 min, 72C for 1 min. for
30 cycles with initial 94C denaturation step
for 1 min. Two oligonucleotide primers (L
1091 and H1478) were designed to amplify
the fragments of 12S rRNA gene as described
by Whitmore et al. (1992).

Sequence analysis

Sequencing reaction were performed on
purified PCR products automatic sequencer
(Perkin Elmer Co., USA) for direct deter-
mination of sequences of amplified 128
rRNA segments. The detail procedures were
according to the manufacturer’s recommen-
dations. A readable sequence of approxima-

tely 350 bases of the mitochondrial 128
rRNA gene was analyzed.

Results

Sequence variations among natural and cultured
stocks of local strain common carp

The sequences of 350 bp for the 12S rRNA
gene in the 3 local strain common carp popu-
lations are shown in Fig. 1. No notable seque-
nce variation within a population was obser-
ved. There are 7 to 20 nucleotide differences
among the 12S rRNA genes from the popula-
tions (Han River, Nakdong River and Jinhae
Inland Fisheries Institute), and there are wi-
thin the range of 2% (minimum) to 5.5% (ma-
ximum). Substitution of nucleotide by transi-
tion was dominant in all 3 populations. The
12S rRNA sequence of specimens from Han
River was more similar to that from Nakdong
River (identity=98%) than to that from cultu-
red stock from Jinhae Inland Fisheries Institue

1 s 70
HAN CCCCACCCTCCAACCAAAAATCCTATYTCCGCCGGGTGTTCGCCAGGGT TCTACGAACATTAGCGTAARAAG

T .c T ..
NAK  « e e e A e
PKUHYB A A T [ C G C - - o
PKUIC A AL T G - e .6 C - -

HAN CCCCGCCGCYTCTAACCACCCCCGCCCAYAT‘CCACCATCGTCGGTTTATCCTGTTAAGGTAACAA&AGT

JIN T e o
NAK = o« o e e CA e e e
PKUHYB - - T A - - A -« « - - - G oo Ao T
PKUIC - -T - A - - A - - - - . G oo AT

HAN AACCGCAACGGGCGCCACCCAAAATGTTTGGTCGAAGTGTAAAAGAAAAAGTGGGAATAATTCGGCTCCA

N e e e
NAK GG + « < - o- A o e e e e
PKUHYH - -G - AA - - T -« - A A - -« o C - -CaA .

PKUIC - -G - AA - T o “ A “ A« o oo C - CA -

UN e e e L T
NAK o e v e e e e e e e e e e e e e
PKUHYB - - « . - - - . T ool e e

PKUIC T T e cc

Fig. 1. Sequence alignments of mitochondrial 128 rRNA segments from several intraspecific populations
of common carp. Bases are adenine (A), cytosine (C), guanine (G), and thymine (T). Abbreviations
are . HAN, natural local strain common carp from Han River; JIN, cultured stock of local strain
common carp from Jinhae Inland Fisheries Institute ; NAK, natural common carp from Nakdong River ;
PKUHYB, hybrid bewteen Israeli strain of common carp ¥ x common carp § maintained in Pukyong
National University ; PKUIC, Israeli strain of common carp maintained in Pukyong National Univerisity.
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Table 1. Sequence homology (%) of amplified mi-
tochondrial 12S rRNA gene segments
from several intraspecific populations of
common

HAN NAK JIN PKUHYB PKUIC

HAN 100 98.0 96.3 854 84.3
NAK - 100 94.3 834 82.3
JIN - - 100 83.4 82.3
PKUHYB — - - 100 98.9
PKUIC - - - - 100

Abbreviations used are same as those descri-
bed in Fig. 1.

(identity=96%) (Table 1).

Sequences of Israeli strain and hybrid

An alignment of 350 nucleotide sequence
for 12S rRNA gene from Israeli strain of
common carp and hybrid between Israeli
strain (%) and local strain common carp
(%) is also presented in Fig. 1. Nucleotide
sequence from Israeli strain showed more
divergent variation when compared to the
variations among common carp population.
Out of 350 bases analysed in the Israeli
strain common carp, 55 bp to 62 bp (15.7~
17.7%) were different to the sequence from
the local strain common carp populations.
The ratio of transition to transversion was
closed to 3 2. Nucleotide sequence of the
hybrid was very similar to that of Israeli
strain with the identity of 98.9% (Table 1).

Discussion

One of the most common problems in fi-
shery management is how to identify geneti-
cally meaningful management unit. Many re-
cent approaches based on the genetic studies
have provided a new dimension in attempts
to obtain solution of the problems associated
with the breeding management and selection
programs of cultured species (Funkenstein
et al, 1990; King et al., 1993).

Mitochondrial DNA of fish has been gi-
ven much attraction as an useful genetic
marker for studying the population struc-
ture and evolutionary survey because it is
non-recombining and it can also provide

a different perspective of population struc-
ture and dynamics compared to the nuclear
genome. Mitochondrial genome has been
most extensively examined by restriction
fragment length polymorphism (RFLP)
analysis of the entire mitochondrial ge-
nome, in which relatively large amount sa-
mples and invasive laborious procedure are
common limitation. However, recent deve-
lopments in molecular biology have made
it quite feasible to determine the sequence
of a gene from a large number of samples
by means of PCR and direct sequencing
(McVeigh et al., 1991 ; McVeigh and Davi-
dson, 1991).

In this study, there are little variation in
the mitochondrial 12S rRNA gene sequen-
ces among the 3 local strains of common
carp populations. This result shows a close
genetic relationship among them. The level
of sequence difference is only less than 6%,
and the majority of nucleotide differences
are transition (AeG or CeT). This transi-
tion has been well known in the genetically
closely related species and/or populations
(Kocher et al., 1989). This transition bias
may indicate that these populations have
diverged from a common ancestor (Brown
et al., 1982 : Bartlett and Davidson, 1991).

However, relatively large amount of intra-
specific variation in 12S rRNA gene bet-
ween the local strain and Israeli strain was
observed in this study. One possible, but
undefined, explanation for this high level
of intraspecific variation between them is
that there had been large amount of diver-
sity between the former populations from
which they were derived, and successive
re-stocking of Israeli strain in a limited nu-
mber of hatcheries might be responsible
for separation between wild population of
common carp and imported hatchery stock
of Israeli strain.

The hybrid fish between Israeli strain co-
mmon carp ($) and local strain common
carp (3) in PKU stock revealed the highest
identity in the 12S rRNA genes, which rep-
resenting an important feature of mitochon-
drial inheritance, the maternal transmission.
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It may provide a unique view of the vector
direction of introgression resulting from hy-
bridization. However, further study should
be needed to elucidate the genetic variation
between domesticated local strain common
carp stocks and Israeli strains in each hat-
chery because the possible hybridization
events could occur probably. Future analy-
ses, using extensive collection of samples
including wild and cultured stocks are also
required to clarify for both the more detai-
led geographic patterns of mtDNA variants
and genetic assemblage and relationships
between the populations of local and Israeli
strain common carps.
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